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(57) ABSTRACT

A front vehicle-body structure comprises a crash can fixed to
a front end of a front frame. The crash can comprises an
upper face portion, a lower face portion, a pair of side face
portions, corner portions respectively positioned between
the side face portion and the upper face portion and between
the side face portion and the lower face portion, a first fragile
portion provided at each of the corner portions, and a second
fragile portion provided at each of the side face portions. The
first fragile portion 1s configured to be deformed before the
second fragile portion when a collision load applied toward
a vehicle rearward side 1s inputted to an extension portion of
a bumper beam. The second fragile portion i1s configured to
be deformed betfore the front frame when the collision load
applied toward the vehicle rearward side 1s inputted to the
extension portion.
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FRONT VEHICLE-BODY STRUCTURE OF
VEHICLE

BACKGROUND OF THE DISCLOSURE

The present disclosure relates to a front vehicle-body
structure of a vehicle.

In the conventional front vehicle-body structure of the
vehicle, there 1s provided a crash box (hereatter, referred to
as a “crash can” in the present specification) which 1is
configured to be more easily deformable than a bumper and
provided on a vehicle rearward side of the bumper in order
to absorb a collision load applied from a vehicle forward
side 1n a vehicle collision.

For example, a front vehicle-body structure described in
Japanese Patent Laid-Open Publication No. 2019-130972

(US2019/0232904 Al) comprises a pair ol side members
(hereafter, referred to as “front frames” 1n the present
specification) which extend 1n a vehicle longitudinal direc-
tion, a pair of crash cans which are fixed to respective front
ends of the front frames, and a bumper which extends 1n a
vehicle width direction and fixed to respective front ends of
the crash cans.

This crash can 1s configured to be easily deformable in the
vehicle collision, which 1s a cylindrical member having a
rectangular-shaped cross section which 1s made of a pressed
aluminum plate. Further, a bending bead which becomes a
causing point to cause deformation of the crash can 1is
provided at a side face of the crash can such that 1t extends
in a vertical direction. While, this bending bead extending 1n
the vertical direction has a constant width and depth, both
ends of the bending bead are positioned in a surface of the
side face of the crash can. That 1s, an end portion of the
bending bead 1s located at a position which 1s apart from a
corner portion of the crash can.

In these days, 1n a case of a small-overlap collision, that
1Is—1n a case where an object (an oncoming car, an on-road
installation, and the like) partially collides with an end
portion of the bumper which is positioned on an outward
side, 1n the vehicle width direction, of the front frame from
the vehicle forward side, it 1s required that the collision load
1s transmitted from the bumper to the crash can and the front
frame, thereby absorbing collision energy by both deforma-
tions of the crash can and the front frame.

According to the above-described structure in which the
bead 1s partially formed at the side face of the crash can,
however, since an 1nitial collision load 1s transmitted to the
front frame by way of the corner portion of the crash can
which has the high rigidity before the crash can 1s deformed
at a point of the bending bead 1n an i1mtial stage of the
vehicle collision, an excessively large load comes to act on
the front frame. Consequently, there may occur two prob-
lems 1n that the transmission quantity of the initial collision
load to the front frame cannot be suppressed by the bending
bead and the energy-absorption quantity cannot be secured
during the deformation of the crash can.

Further, in a case where the width and depth of the
bending bead are small, the transmission quantity of the
initial collision load which 1s transmitted by way of the
corner portion cannot be suppressed even if the bending
bead 1s simply extended up to the corner portion. Mean-
while, 1n a case where the width and depth of the bending
bead are large, the energy-absorption quantity cannot be
secured during the deformation of the crash can. That 1s, the
structure where the bending bead 1s simply extended up to
the corner portion may not be able to solve the above-
described two problems.
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2
SUMMARY OF THE DISCLOSURE

The present disclosure has been devised in view of the
above-described matters, and an object of the present dis-
closure 1s to provide a front vehicle-body structure of a
vehicle which can compatibly attain suppression of the
transmission quantity of the initial collision load to the front
frame 1n the vehicle collision and securement of the energy-
absorption quantity during the deformation of the crash can.

The front vehicle-body structure of the vehicle of the
present disclosure comprises a pair of front frames provided
to be separated, 1n a vehicle width direction, from each other
and extending in a vehicle longitudinal direction, a pair of
crash cans fixed to respective front ends of the pair of front
frames and extending in the vehicle longitudinal direction,
and a bumper beam fixed to respective front ends of the pair
of crash cans and extending in the vehicle width direction,
wherein the bumper beam comprises crash-can fixation
portions which are respectively fixed to the pair of crash
cans and extension portions which respectively extend out-
wardly, in the vehicle width direction, from the crash-can
fixation portions, each of the pair of crash cans comprises an
upper face portion which extends 1n the vehicle longitudinal
direction and forms an upper face of the crash can 1n a
vehicle elevational view, a lower face portion which extends
in the vehicle longitudinal direction and forms a lower face
of the crash can 1n the vehicle elevational view, a pair of side
face portions which respectively interconnect both end por-
tions, 1n the vehicle width direction, of the upper face
portion and the lower face portion, corner portions which are
respectively positioned between the side face portion and the
upper face portion and between the side face portion and the
lower face portion, a first fragile portion which is provided
at each of the comer portions, and a second fragile portion
which 1s provided at at least one of the upper face portion,
the lower face portion, and the pair of side face portions, the
first fragile portion 1s configured to be deformed before the
second fragile portion when a collision load which 1s applied
toward a vehicle rearward side 1s mputted to the extension
portion of the bumper beam, and the second fragile portion
1s configured to be deformed before the front frame when the
collision load applied toward the vehicle rearward side 1s
inputted to the extension portion of the bumper beam.

According to the front vehicle-body structure of the
vehicle of the present disclosure, since the first fragile
portion provided at the corner portion of the crash can 1s
deformed and absorbs the collision energy first by the 1nitial
collision load transmitted by way of the corner portion when
the collision load applied toward the vehicle rearward side
1s 1nputted to the extension portion positioned at an end
portion, in the vehicle width direction, of the bumper beam
(1.e., 1 the small overlap collision), the transmission quan-
tity of the collision load from the crash can to the front frame
can be suppressed. Further, since the second fragile portion
provided at at least one of the upper face portion, the lower
face portion, and the pair of side face portions 1s configured
not to be deformed before the first fragile portion, the
collision energy can be properly absorbed by whole-part
deformation of the first fragile portion and the second fragile
portion, maintaining the high transmission quantity of the
collision load, compared to a case where the second fragile
portion 1s configured to have the same deformability as the
first fragile portion. Consequently, the suppression of the
transmission quantity of the initial collision load to the front

l

frame in the vehicle collision and the securement of the

l

energy-absorption quantity during the deformation of the
crash can can be compatibly attained.
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It 1s preferable 1n the above-described front vehicle-body
structure of the vehicle that the second fragile portion extend
continuously from the first fragile portion in the vehicle
width direction or 1n a vertical direction along at least one of
the upper face portion, the lower face portion, and the side
face portions.

According to this structure, the collision load 1s smoothly
transmitted to the second fragile portion extending in the
vehicle width direction or 1n the vertical direction continu-
ously from the first fragile portion subsequently to the
deformation of the first fragile portion which 1s conducted
first by the 1mitial collision in the vehicle collision, thereby
enabling continuous deformation of the first fragile portion
and the second fragile portion, so that the whole-part defor-
mation of the first fragile portion and the second fragile
portion can be securely attained, maintaining the high trans-
mission quantity of the collision load, and consequently the
collision energy can be properly absorbed.

It 1s preferable 1n the above-described front vehicle-body
structure of the vehicle that the first fragile portion be made
of a first bead which 1s configured such that the corner
portion of the crash can is partially recessed, the second
fragile portion be made of a second bead which 1s configured
such that the above-described at least one of the upper face
portion, the lower face portion, and the pair of side face
portions of the crash can 1s partially recessed, a depth of the
first bead be greater than that of the second bead, and a
width, 1n the vehicle longitudinal direction, of the first bead
1s greater than that of the second bead.

According to this structure, the above-described compat-
ibility of the suppression of the transmission quantity of the
initial collision load to the front frame in the vehicle
collision and the securement of the energy-absorption quan-
tity during the deformation of the crash can 1s enabled by the
first bead and the second bead which have the different depth
and width from each other as described above.

It 1s preferable 1n the above-described front vehicle-body
structure of the vehicle that the corner portion positioned on
an upper-face side of the crash can and the corner portion
positioned on a lower-face side of the crash can be respec-
tively configured to extend up to a foremost position, in the
vehicle longitudinal direction, of a back face of the bumper
beam which faces rearwardly.

According to this structure, the collision load 1nputted to
the crash can from the bumper beam 1n the vehicle collision
can be transmitted directly to the corner portions which are
respectively positioned on the upper-face side and the lower-
face side of the crash can at the foremost position, 1n the
vehicle longitudinal direction, of the back face of the bum-
per beam which faces rearwardly. Consequently, the sup-
pression of the transmission quantity of the initial collision
load to the front frame in the vehicle collision and the
securement of the energy-absorption quantity during the
deformation of the crash can can be compatibly attained
securely.

It 1s preferable 1n the above-described front vehicle-body
structure of the vehicle that the crash can be configured to
have a cross-shaped cross section in the vehicle elevational
view, each of the side face portions comprise a central side
face part, an upper side face part which 1s positioned on an
upper-and-inward side, in the vehicle width direction, of the
central side face part, and a lower side face part which 1s
positioned on a lower-and-inward side, in the vehicle width
direction, of the central side face part, the upper face portion
comprise a central upper side part and a pair of side upper
tace parts which are positioned on lower-and-both sides, 1n
the vehicle width direction, of the central upper side part, the
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4

lower face portion comprise a central lower side part and a
pair of side lower face parts which are positioned on
upper-and-both sides, in the vehicle width direction, of the
central lower side part, the corner portion comprise a central
upper-side corner part which 1s positioned between the
upper side face part and the central upper face part, a side
upper-side corner part which 1s positioned between the
central side face part and the side upper face part, a central
lower-side corner part which 1s positioned between the
lower side face part and the central lower face part, and a
side lower-side corner part which 1s positioned between the
central side face part and the side lower face part, the first
fragile portion be provided at each of the central upper-side
corner part, the side upper-side corner part, the central
lower-side comer part, and the side lower-side corner part,
and the second fragile portion be provided at each of the
central side face part, the side upper side face, and the side
lower side face part.

According to this structure, since the first fragile portions
are provided at all of the corner portions of the crash can,
1.€., at the central upper-side corner part, the side upper-side
corner part, the central lower-side corner part, and the side
lower-side corner part, even in a manner that the crash can
1s configured to have the cross-shaped cross section in the
vehicle elevational view, the first fragile portions provided at
the corner portions of the crash can are deformed and absorb
the collision energy first by the initial collision load trans-
mitted by way of these corner portions in the vehicle
collision, so that the transmission quantity of the collision
load from the crash can to the front frame can be suppressed.
Meanwhile, the second fragile portions which are configured
not to be more easily deformable than the first fragile
portions are provided at plural parts which constitute the
side-face portions of the crash can, 1.e., at the central side
face part, the side upper side face, and the side lower side
face part, the collision energy can be properly absorbed by
the whole-part deformation of the first fragile portions and
the second fragile portions, maintaining the high transmis-
s1on quantity of the collision load. Consequently, even i1 the
crash can having the cross-shaped cross section 1s used, the
suppression of the transmission quantity of the mnitial colli-
s1on load to the front frame in the vehicle collision and the
securement of the energy-absorption quantity during the
deformation of the crash can can be compatibly attained
securely.

It 1s preferable in the above-described front vehicle-body
structure of the vehicle that the bumper beam comprises a
pair of flange portions which protrude upwardly and down-
wardly and extend in the vehicle width direction, and the
corner portions where the first fragile portions are provided
are located at positions which respectively overlap with the
pair of flange portions 1n the vehicle elevational view.

According to this structure, the corner portion provided
with the first fragile portion can receive the collision load
which 1s inputted from the bumper beam to the crash can
from the vehicle forward side directly from the pair of flange
portions of the bumper beam. Therefore, the mnitial load can
be securely transmitted to the comer portions 1n the vehicle
collision, so that the collision energy can be absorbed
properly by making the first fragile portion provided at the

corner portions be deformed early.

The present disclosure will become apparent from the
following description which refers to the accompanying
drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a whole structure of a front
vehicle-body structure of a vehicle according to an embodi-
ment of the present disclosure, when viewed obliquely from
a forward-and-upper side.

FIG. 2 1s a plan view of the front vehicle-body structure
shown 1n FIG. 1.

FIG. 3 1s a perspective view of the front vehicle-body
structure shown 1n FIG. 1, 1n which a front plate of a bumper
1s removed.

FIG. 4 1s a perspective view of the front vehicle-body
structure shown 1n FIG. 1, when viewed obliquely from a
rearward-and-upper side.

FIG. 5 1s an enlarged perspective view of the front
vehicle-body structure shown 1n FIG. 1, in which the front
plate of the bumper 1s removed.

FIG. 6 1s an enlarged perspective view of a bumper beam
of the bumper and 1ts surrounding portion 1n the front
vehicle-body structure shown i FIG. 1, when viewed
obliquely from the rearward-and-upper side.

FIG. 7 1s an enlarged plan view of an end portion of the
bumper beam shown in FIG. 2 and a crash can.

FIG. 8 1s an enlarged perspective view of the crash can
shown 1n FIG. 1.

FIG. 9 15 a side view of the crash can shown in FIG. 8.

FIG. 10 1s a plan view of the crash can shown in FIG. 8.

FIG. 11 1s a sectional view taken along line XI-XI of the
crash can shown in FIG. 9.

FIG. 12 1s an enlarged perspective view of a joint portion
of the crash can and the bumper beam which are shown 1n
FIG. 4.

FI1G. 13 1s an enlarged perspective view of a first bead and
a second bead which are shown 1n FIG. 12, wherein the first
bead has an inner face which has a shape like a half-cut corn
and the second bead 1s continuous to the first bead.

FIG. 14 1s an enlarged perspective view of a first bead and
a second bead according to a modification of the present
disclosure, wherein the first bead has an inner tace which has
a shape like a half-cut pyramid and the second bead 1is
continuous to the first bead.

FIG. 15 1s an enlarged perspective view of a first bead and
a second bead according to another modification of the
present disclosure, wherein the first bead has an mner face
which has a shape like a hali-cut sphere and the second bead
1s continuous to the first bead.

FIG. 16 1s a view of the bumper beam shown 1n FIG. 6,
when viewed from a rearward side.

FIGS. 17A-17G are sectional views of the bumper beam
shown 1n FIG. 16 at respective positions A-G.

FIG. 18 1s a perspective view ol a reinforcing member
shown 1n FIG. 3.

DETAILED DESCRIPTION OF TH.
DISCLOSURE

L1l

Hereatter, a preferable embodiment of the present disclo-
sure will be described specifically referring to the attached
drawings.

A front vehicle-body structure 1 of a vehicle of the present
embodiment 1s, as shown 1n FIGS. 1-6, an assembly of parts
which receive a collision load when the vehicle collides with
an object (an oncoming car, an on-road 1nstallation, and the
like) from a vehicle forward side X1, which specifically
comprises a pair of front frames 2, a pair of crash cans 3, and
a bumper 4 which includes a bumper beam 5 and extends 1n
a vehicle width direction Y.
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6

Herein, reference character 8 shown 1in FIGS. 1 and 2
denotes a bracket to attach a shroud of a radiator. This
bracket 8 1s a component which does not contribute to
reception of the collision load, and therefore this may be
omitted.

The pair of front frames 2 are provided to be separated, 1n
the vehicle width direction Y, from each other and extend 1n
a vehicle longitudinal direction X. An attaching flange 9 to
fix the crash can 3 is provided at a front end 2a of the front
frame 2. Herein, a rear end of the front frame 2 1s fixed to
a vehicle-body structural component, not illustrated, such as
a hinge pillar.

The pair of crash cans 3 are fixed to the respective front
ends 2a of the pair of front frames 2 and extend in the
vehicle longitudinal direction X.

The pair of crash cans 3 are fixed to positions which are
separated, 1n the vehicle width direction Y, from each other
at a rear end of the bumper beam 5. That 1s, a front end 3a
of the crash can 3 of the present embodiment 1s fixed to the
bumper beam S by welding or the like, and an attaching
flange 10 1s provided at 1ts rear end 35. The attachung flange
10 of the rear end 35 of the crash can 3 1s provided to overlap
with the attaching flange 9 of the front end 2a of the front
frame 2 and these attaching flanges 9, 10 are connected by
using a fastening tool, such as a bolt, whereby the crash can
3 1s fixed to the front end 2a of the front frame 2.

As shown 1 FIGS. 2-4, 6, 7 and 16, the bumper beam 5
includes a crash-can fixation portion 11 which 1s fixed to the
crash can 3 and an extension portion 12 which extends
outwardly, 1n the vehicle width direction Y, from the crash-
can fixation portion 11 at each side, 1n the vehicle width
direction Y, thereof.

The bumper beam 3 further includes, as shown 1 FIGS.
12, 16 and 17, a pair of flange portions 5/, 5S¢ which
respectively protrude upwardly and downwardly and extend
in the vehicle width direction Y.

Next, respective structures of the crash can 3 and the
bumper 4 will be described specifically.

| Structure of Crash Can 3]

As shown 1in FIGS. 8-12, the crash can 3 has a cross-
shaped cross section (see FIG. 11) 1n the vehicle elevational
view (1n an elevational view when viewed from the vehicle
forward side X1 (i.e., 1n the elevational view of an arrow FV
direction 1 FIG. 12)), which 1s a cylindrical member
extending in the vehicle longitudinal direction X. This
cylindrical member having the cross-shaped cross section 1s
made by overlapping two split parts which are split 1n its
longitudinal direction, for example. Each split part 1s made
by pressing a metal plate, such as a steel or aluminum-alloy
plate.

The crash can 3 primarily comprises an upper face portion
31, a lower face portion 33, a pair of side face portions 32,
corner portions 34, first beads 35 as first fragile portions
which are provided at the comer portions 34, and second
beads 36 as second fragile portions. The second beads 36 are
provided at other places than the corner portions 34, 1.e., at
at least one of the upper face portion 31, the lower face
portion 33, and the pair of side face portions 32 (at the pair
of side face portions 32 1n the present embodiment).

The upper face portion 31 1s a portion which extends 1n
the vehicle longitudinal direction X and forms an upper face
of the crash can 3 in the vehicle elevational view. Specifi-
cally, the upper face portion 31 includes a central upper face
part 31a and a pair of side upper face parts 3156 which are
positioned below and on the both sides, in the vehicle width
direction Y, of the central upper face part 31a.
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The lower face portion 33 1s a portion which extends in
the vehicle longitudinal direction X and forms a lower face
of the crash can 3 in the vehicle elevational view. Specifi-
cally, the lower face portion 33 includes a central lower face
part 33a and a pair of side lower face parts 336 which are
positioned above and on the both sides, 1n the vehicle width
direction Y, of the central lower face part 33a.

The pair of side face portions 32 are portions which are
spaced, in the vehicle width direction Y, apart from each
other and respectively interconnect both end portions, 1n the
vehicle width direction Y, of the upper face portion 31 and
the lower face portion 33. Specifically, each of the pair of
side face portions 32 comprises a central side face part 32a,
an upper side face part 325 which 1s positioned above and on
an inward side, 1n the vehicle width direction Y, of the
central side face part 32a, and a lower side face part 32c¢
which 1s positioned below and on the inward side, in the
vehicle width direction Y, of the central side face part 32a.

The comer portions 34 are portions which are positioned
between the side face portion 32 and the upper face portion
31 and between the side face portion 32 and the lower face
portion 33, and respectively configured to be bent in an L
shape (specifically, bent at a right angle). The corner portion
34 extends 1n the vehicle longitudinal direction X. The
corner portion 34 has the higher ngidity than the other
portion of the crash can 3 and the superior properties of the
load transmission 1 the wvehicle longitudinal direction
because of its bent shape.

Specifically, the comer portion 34 comprises a central
upper-side corner part 34a which 1s positioned between the
upper side face part 3256 and the central upper face part 31aq,
a side upper-side corner part 345 which 1s positioned
between the central side face part 32a and the side upper
tace part 315, a central lower-side corner part 34¢ which 1s
positioned between the lower side face part 32¢ and the
central lower face part 33q, and a side lower-side corner part
344 which 1s positioned between the central side face part
32a and the side lower face part 335.

As shown 1n FIG. 12, a pair of central upper-side corner
parts 34a which are positioned on an upper-face side of the
crash can 3 and a pair of central lower-side corner parts 34¢
which are positioned on a lower-face side of the crash can
3 respectively extend up to positions where these parts 34a,
34¢ contact respective back faces of the pair of flange
portions 3/, 5¢ protruding 1n the vertical direction Z of the
bumper beam 5 which face toward a vehicle rearward side
X2. In other words, each of the pair of central upper-side
corner parts 34a and the pair of central lower-side corner
parts 34¢ 1s configured to extend up to a foremost position,
on the vehicle forward side X1, of a back face of the bumper
beam 5 which faces rearwardly toward the vehicle rearward
side X2.

The first bead 35 1s configured such that the corner portion
34 of the crash can 3 1s partially recessed. Thereby, the
corner portion 34 tends to have stress concentration at a
point of this first bead 35, so that the corner portion 34 1s
configured to be fragile. Specifically, the first bead 35 1is
provided at each of the central upper-side comer part 34aq,
the side upper-side corner part 34b, the central lower-side
corner part 34¢, and the side lower-side corner part 34d.

As shown i FIGS. 12 and 16, the central upper-side
corner part 34a and the central lower-side corner part 34c¢ are
located at positions which respectively overlap with the pair
of tlange portions 3/, 5g of the bumper beam 5 1n the vehicle
clevational view (when viewed from the arrow FV direction
in FIG. 12). Accordingly, in the vehicle collision, the colli-
s1on load can be directly transmitted from the pair of flange
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portions 5/, 5g of the bumper beam 5 to the central upper-
side corner part 34aq and the central lower-side corner part
34c¢ of the crash can 3.

Further, the side upper-side corner part 345 and the side
lower-side corner part 34d are located at positions which
respectively overlap with a rear face portion 356 of the
bumper beam 5 which protrudes toward the vehicle rearward
side X2 1n the vehicle elevational view (when viewed from
the arrow FV direction in FIG. 12). Accordingly, 1n the
vehicle collision, the collision load can be directly transmut-
ted from the rear face portion 56 of the bumper beam 5 to
the side upper-side corner part 346 and the side lower-side
corner part 34d of the crash can 3.

In the present embodiment, as shown 1 FIGS. 8 and 12,
a recess portion 3¢ with which the rear face portion 35 of the
bumper beam 5 1s engaged 1s formed at the front end 3a of
the crash can 3. Therefore, as show 1n FIG. 12, the pair of
flange portions 5/, Sg of the bumper beam 3 contact the front
end 3a of the crash can 3 and thereby can transmit the
collision load to the central upper-side corner part 34a and
the central lower-side corner part 34¢, and concurrently the
rear face portion 56 of the bumper beam 5 contacts a back
end 3d (see FIGS. 9 and 10) of the recess portion 3¢ of the
crash can 3 and thereby can transmit the collision load to the
side upper-side corner part 346 and the side lower-side
corner part 344.

The second bead 36 1s configured such that at least one of
the upper face portion 31, the lower face portion 33, and the
pair of side face portions 32 of the crash can 3 (the pair of
side Tace portions 32 1n the present embodiment) 1s partially
recessed. For example, the pair of side face portions 32 tend
to have stress concentration at a point of this second bead 36,
so that the side face portions 32 are configured to be fragile.
Specifically, the second bead 36 1s provided at each of the
central side face part 32q, the upper side face part 326, and
the lower side face part 32¢ of the side face portion 32.

The second bead 36 1s configured to extend 1n the vertical
direction or in the vehicle width direction Y along at least
one of the upper face portion 31, the lower face portion 32,
and the side face portion 32.

In the present embodiment, the second beads 36 extend 1n
the vertical direction Z along the central side face part 32aq,
the upper side face part 3256, and the lower side face part 32¢
of each of the both-side side face portions 32 such that those
beads 36 are continuous from the first beads 35 which are
respectively provided at the central upper-side corner part
34q, the side upper-side comer part 34b, the central lower-
side corner part 34¢, and the side lower-side corner part 345
along the central side face part 324, the upper side face part
325, and the lower side face part 32¢ of each of the both-side
side face portions 32. That 1s, the second beads 36 are
configured to extend downwardly from the first bead 35 of
the central upper-side corner part 34a along the upper side
face part 325, extend downwardly toward the first bead 35
of the side lower-side corner part 344 from the first bead 35
of the side upper-side comer part 34b along the central side
face part 32a, and extend upwardly from the first bead 35 of
the central lower-side corner part 34¢ along the lower side
face part 32c.

The first bead 35 1s configured to be deformed before the
second bead 36 when the collision load which 1s applied
toward the vehicle rearward side X2 1s imnputted to the
extension portion 12 (the end portion, 1n the vehicle width
direction Y,) of the bumper beam 5. Specifically, as
described later, a depth d1 and a width W1 of the first bead
35 are set to be respectively greater than a depth d2 and a
width W2 of the second bead 36.
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That 1s, 1n the present embodiment, as shown 1 FIG. 10,
the depth d1 of the first bead 35 1s greater than the depth d2

of the second bead 36. Further, the width W1, in the vehicle
longitudinal direction X, of the first bead 35 1s greater than
the width W2, 1n the vehicle longitudinal direction X, of the
second bead 36. Thereby, the first bead 35 which 1s provided
at the corner portion 34 comes to be deformed before the
second bead 36 which is provided at the other portion (a pair
of side face portions 32 1n the present embodiment) of the
crash can 3 than the corner portion 34 in the vehicle

collision.
A ratio of the depth d1 of the first bead 35 and the depth

d2 of the second bead 36, 1.e., d1:d2 is set to be about 1:2
through 1:3. Further, a ratio W1: W2 of the width W1, in the
vehicle longitudinal direction X, of the first bead 335 and the
width W2, 1n the vehicle longitudinal direction X, of the
second bead 36 1s set to be Substantlally the same as d1:d2.

Further, the second bead 36 1s configured to be deformed
before the front frame 2 when the collision load applied
toward the vehicle rearward side X2 1s mputted to the
extension portion 12. Specifically, the depth d2 and the
width W2 of the second bead 36 are set such that the crash
can 3 1s deformed at a point of the second bead 36 before the
front frame 2 when the collision load applied toward the
vehicle rearward side X2 1s inputted to the extension portion
12 (that 1s, 1ts rngidity 1s set such that the point of the second
bead 36 1s deformed before the front frame 2).

The shape of the first bead 35 provided at the corner
portion 34 1s not limited in the present disclosure, and the
first bead 35 may be configured to have an inner face which
has a shape like a half-cut corn as shown 1 FIG. 13, for
example. In this case, the second bead 36 has the same width
and depth as a lower end of the first bead 35 which has the
smallest width and depth, and extends downwardly continu-
ously from the lower end of the first bead 35.

Herein, as shown 1n FIG. 14, the first bead 35 may be
configured to have an mner face which has a shape like a
half-cut pyramid. Further, the first bead 35 may be config-
ured to have an 1nner face which has a shape like a half-cut
sphere as shown in FIG. 15.

[Structure of Bumper 4]

Any structure may be applied to the bumper 4 as long as
the bumper beam 35 1s provided width the pair of flange
portions 5/, Sg. Any structure may be applied to the other
structural elements than the bumper beam 5.

The bumper 4 of the present embodiment, which 1s shown
in FIGS. 1-7, 16 and 17 as an example, comprises the
bumper beam 5 which 1s a body portion of the bumper 4, a
front plate 6 which 1s attached to a portion of the bumper
beam 5 which 1s positioned on the vehicle forward side X1,
and a reinforcing member 7. The bumper beam 3, the front
plate 6, and the reinforcing member 7 are respectively made
ol a metal plate, such as a steel plate.

The bumper beam 5 extends 1n the vehicle width direction
Y and 1s fixed to the front ends 3a of the pair of crash cans
3 by welding or the like.

As shown 1n FIGS. 3-7 and 16, the bumper beam 5 1s an
clongated member extending in the vehicle width direction
Y, amiddle area, in the vertical direction Z, thereof protrudes
toward the vehicle rearward side X2, and it has a U-shaped
cross section opened toward the vehicle forward side X1 as
shown in FIGS. 17A-17G.

More specifically, the bumper beam 5 comprises, as
shown in FIGS. 16 and 17A-17G, a beam upper face portion
5a which extends 1n the vehicle longitudinal direction X, a
beam rear face portion 556 which extends downwardly from
a rear end of the beam upper face portion Sa, a beam lower
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face portion S¢ which extends toward the vehicle forward
side X1 from a lower end of the beam rear face portion 55,
an upper corner portion 54 which 1s formed by the beam
upper face portion 5q and the beam rear face portion 56, and
a lower corner portion 5e which 1s formed by the beam lower
face portion 5¢ and the beam rear face portion 556 1n the
vehicle side view.

Further, the bumper beam 5 further comprises the pair of
flange portions 3/, Sg which form a front-end portion of the
bumper beam 5 as described above (see FIGS. 12 and
16-17). The pair of flange portions 5/, 5g extend upwardly
from a front end of the beam upper face portion 5a and
extend downwardly from a front end of the beam lower face
portion 5¢. The bumper beam 3 having a hat-shaped cross
section 1s formed by the beam upper face portion Sa, the
beam rear face portion 35, the beam lower face portion 5S¢,
and the pair of flange portions 3/, Sg.

Further, as shown 1n FIGS. 6,16 and 17A, 17B, step parts
57, 5k which are configured to be bent in the vertical
direction (1.¢., parts bent in a step shape) and extend 1n the
vehicle width direction Y are formed at least one of the beam
upper lace portion 5a and the beam lower face portion 5¢ (at
the both 1n the present embodiment) of the bumper beam 3
of the present embodiment between both-side mnward end
portions 13, in the vehicle width direction Y, thereof. Spe-
cifically, the step part S; which 1s bent downwardly for
reinforcement of the beam upper face portion 5a 1s formed
at the beam upper face portion 3a. The step part 5k which 1s
bent upwardly for reinforcement of the beam lower face
portion 5¢ 1s formed at the beam lower face portion 3ec.

Further, as shown i FIGS. 2-4, 6, 7 and 16, the bumper
beam 5 comprises the crash-can fixation portion 11 and the
extension portion 12 at each of the both sides, in the vehicle
width direction Y, thereot as described above.

As shown 1 FIGS. 1, 2 and 17-19, the front plate 6 1s a
plate member extending in the vehicle width direction Y,
which covers the bumper beam 5 having the U-shaped cross
section from the vehicle forward side X1 such that 1t forms
a closed cross section together with the bumper beam 5.

The reinforcing member 7 1s a member to reinforce the
bumper beam 5 and provided 1nside a closed cross section 15
(see FIG. 17A) which extends 1n the vehicle width direction
Y and 1s formed by the bumper beam 5 and the front plate
6.

The reinforcing member 7 1s configured to extend in the
vehicle width direction and have a U-shaped cross section
similarly to the bumper beam 5.

Specifically, the reinforcing member 7 comprises, as
shown i FIGS. 17A-17G and 18, a reinforcing-member
upper face portion 7a, a reinforcing-member rear face por-
tion 7b which extends downwardly from a rear end of the
reinforcing-member upper face portion 7aq, and a reinforc-
ing-member lower face portion 7¢ which extends toward the
vehicle forward side X1 from a lower end of the reinforcing-
member rear face portion 7b.

The reinforcing-member upper face portion 7a 1s joined to
the beam upper face 5a at a joint portion 21 by welding or
the like. The reinforcing-member rear face portion 75 1s
joined to the beam rear face 36 at a joint portion 22 by
welding or the like. Meanwhile, the reinforcing-member
lower face portion 7c¢ 1s arranged above the beam lower face
portion 3¢ 1n a state where this portion 7¢ 1s not joined to the
beam lower face portion 5c.

In the front vehicle-body structure of the vehicle of the
present embodiment, as shown m FIGS. 17B-17G and 18,
the reimnforcing-member lower face portion 7¢ has the flange
portion 7d which 1s configured such that a front end part of
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the reinforcing-member lower face portion 7¢ 1s bent down-
wardly. The reinforcing-member lower face portion 7c¢ 1s
reinforced by this flange portion 7d, so that out-of-plane
deformation of the reinforcing member 7 in the vehicle
collision 1s suppressed and thereby a two-plate structure
which comprises the beam lower face portion 5¢ and the
reinforcing-member rear face portion 7¢ 1s formed simula-
tively. Moreover, out-of-plane deformation of the bumper
beam 5 which 1s joined to two faces of the reinforcing-
member upper face portion 7a and the reinforcing-member
rear face portion 7b 1s suppressed as well. Thereby, defor-
mation of the lower corner portion Se which 1s formed by the
beam lower face portion 5S¢ and the beam rear face portion
5b 1n the vehicle collision 1s suppressed, so that out-of-plane
deformation of the beam rear face portion 5d i1s possibly
suppressed. Consequently, even 1n a structure where the
bumper beam 3 and the reinforcing member 7 are not joined
partially (1.e., the beam lower face portion 5¢ and the
reinforcing-member lower face portion 7¢ are not joined),
the out-of-plane deformation of the bumper beam 5 15 so
suppressed that this structure can bear the collision load
properly.

A shown in FIGS. 17B-17G, the flange portion 7d 1s
located at the same level as or a lower level than the lower
corner portion 3Se. Thereby, when the bumper beam 3 1is
deformed 1n the vehicle longitudinal direction X 1n the
vehicle frontal collision, the flange portion 7d of the rein-
forcing member 7 possibly comes to contact the beam lower
face portion 5c¢ of the bumper beam 5, so that the reinforc-
ing-member lower face portion 7¢ forms the two-plate
structure together with the beam lower face portion 5S¢ which
1s simulatively joined thereto. Accordingly, the deformation
of the lower corner portion 5e 1s so securely suppressed by
reinforcing the lower corner portion 5e of the bumper beam
5 that the out-of-plane deformation of the beam rear face
portion 55 can be suppressed properly. Consequently, bend-
ing deformation ol the bumper beam 5 in the vehicle
collision can be suppressed securely.

The flange portion 7d extends from the end portion, in the
vehicle width direction Y, of the reinforcing member 7 to a
position which corresponds to the inward end portion 13, in
the vehicle width direction Y, of the crash-can fixation
portion 11 (see FIGS. 4, 7 and 16) or a position which 1s
located on the central side, in the vehicle width direction Y,
of this corresponding position. Specifically, the flange por-
tion 7d shown 1n FIG. 18 extends over an area FA from a
position B to the end portion of the bumper beam 5 (see FIG.
16).

Further, as shown 1n FIGS. 17B-17G, the flange portion
7d 1s configured such that an angle thereof which 1s bent
downwardly becomes continuously smaller as 1t goes to the
center ol the bumper beam 5, thereby lowering a rigidity
difference, 1n the vehicle width direction Y, of the reinforc-
ing-member lower face portion 7c.

Further, 1n order to reinforce a portion of the bumper
beam 5 which 1s positioned on the vehicle forward side X1
(1.e., the pair of tlange portions 5/, 5¢, a front end of the
beam upper face portion 5a, and a front end of the beam
lower face portion 5¢), the bumper beam 3 of the present
embodiment further comprises, as shown i FIGS. 16 and
17A-17G, an upper-end bent flange portion 52 which 1s
configured such that an upper end of the upper tlange portion
5/ 1s bent rearwardly and a lower-end bent flange portion 5i
which 1s configured such that a lower end of the lower tlange
portion 3g 1s bent rearwardly 1n the area FA where the flange
portion 7d of the reinforcing member 7 1s provided (see FIG.
16). While the upper-end bent flange portion 3572 and the
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lower-end bent flange portion 5i are provided over a nearly
entire length of the bumper beam 5 as shown 1n FIG. 16 1n
the present embodiment, the present disclosure 1s not limited
to this, and these portions 5/, 5/ may be provided 1n the area
FA where at least the flange portion 74 of the reinforcing
member 7 1s provided. Herein, while there 1s an area where
the upper-end bent flange portion 5/ and the lower-end bent
flange portion 5/ are not provided 1n the area of the crash-can
fixation portion 11 of the bumper beam 5 1n order to avoid
any interference with the crash can 3 as shown in FIG. 16,
these portions 5/, 5i may be provided at an entire area of the
crash-can fixation portion 11 as long as such interference can
be avoided by changing a size or the like of the crash can 3.
|[Features of Present Embodiment]

The front vehicle-body structure 1 of the vehicle of the
present disclosure comprises the pair of front frames 2
provided to be separated, 1n a vehicle width direction Y, from
cach other and extending in the vehicle longitudinal direc-
tion X, the pair of crash cans 3 fixed to the respective front
ends of the pair of front frames 2 and extending in the
vehicle longitudinal direction X, and the bumper beam 3
fixed to the respective front ends of the pair of crash cans 3
and extending in the vehicle width direction Y. The bumper
beam 3 comprises the crash-can fixation portions 11 which
are respectively fixed to the pair of crash cans 3 and the
extension portions 12 which respectively extend outwardly,
in the vehicle width direction Y, from the crash-can fixation
portions 11. Each of the pair of crash cans 3 comprises the
upper face portion 31 which extends in the vehicle longitu-
dinal direction X and forms the upper face of the crash can
3 in the vehicle elevational view (when viewed from the
arrow FV direction 1n FIG. 12), the lower face portion 33
which extends in the vehicle longitudinal direction X and
forms the lower face of the crash can 3 in the vehicle
clevational view (when viewed from the arrow FV direction
in FI1G. 12), the pair of side face portions 32 which respec-
tively interconnect the both end portions, 1 the vehicle
width direction Y, of the upper face portion 31 and the lower
face portion 33, the corner portions 34 which are respec-
tively positioned between the side face portion 32 and the
upper face portion 31 and between the side face portion 32
and the lower face portion 33, the first bead 35 as the first
fragile portion which 1s provided at each of the corner
portions 34, and the second bead 36 as the second fragile
portion which 1s provided at at least one of the upper face
portion 31, the lower face portion 33, and the pair of side
face portions 32 (at the pair of side face portions 32 1n the
present embodiment).

The first bead 35 1s configured to be deformed before the
second bead 36 when the collision load which 1s applied
toward the vehicle rearward side X2 1s imnputted to the
extension portion 12 of the bumper beam 5. The second bead
36 1s configured to be deformed before the front frame 2
when the collision load applied toward the vehicle rearward
side X2 1s inputted to the extension portion 12 of the bumper
beam 3.

According to this structure, since the first bead 335 pro-
vided at the corner portion 34 of the crash can 3 1s deformed
and absorbs the collision energy first by the 1nitial collision
load transmitted by way of the corner portion 34 when the
collision load applied toward the vehicle rearward side X2
1s 1mputted to the extension portion 12 positioned at the end
portion, in the vehicle width direction Y, of the bumper beam
5 (1.e., i the small overlap collision), the transmission
quantity of the collision load from the crash can 3 to the front
frame 2 can be suppressed. Further, since the second bead 36
provided at at least one of the upper face portion 31, the
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lower face portion 33, and the pair of side face portions 32
1S conﬁgured not to be deformed before the first bead 35 (at
the pair of side face portions 32 1n the present embodiment),
the collision energy can be properly absorbed by whole-part
deformation of the first bead 35 and the second bead 36,
maintaining the high transmission quantity of the collision
load, compared to a case where the second bead 36 is
configured to have the same deformability as the first bead
35. Consequently, the suppression of the transmission quan-
tity of the mitial collision load to the front frame 2 1n the
vehicle collision and the securement of the energy-absorp-
tion quantity during the deformation of the crash can 3 can
be compatibly attained.

Herein, 1t 1s unnecessary that the second bead 36 extends
in the vertical direction Z or in the vehicle width direction
Y continuously from the first bead 35 (for example, 1n a case
where the second bead 36 i1s provided to be oflset, in the
vehicle longitudinal direction X, from the first bead 35). In
this case, the above-described operational effects can be
provided as well.

In the front vehicle-body structure 1 of the vehicle of the
present embodiment, the second bead 36 extends continu-
ously from the first bead 35 1n the vehicle width direction Y
or in the vertical direction Z (1n the vertical direction Z 1n the
present embodiment) along at least one of the upper face
portion 31, the lower face portion 33, and the side face
portions 32 (at the side face portions 32 in the present
embodiment).

According to this structure, the collision load 1s smoothly
transmitted to the second bead 36 extending in the vehicle
width direction Y or 1n the vertical direction Z continuously
from the first bead 35 subsequently to the deformation of the
first bead 35 which 1s conducted first by the initial collision
in the vehicle collision, thereby enabling continuous defor-
mation of the first bed 35 and the second bead 36, so that the
whole-part deformation of the first bead 35 and the second
bead 36 can be securely attamned, maintaining the high
transmission quantity of the collision load, and consequently
the collision energy can be properly absorbed. Thus, the
suppression of the transmission quantity of the initial colli-
s10n load to the front frame 2 in the vehicle collision and the
securement of the energy-absorption quantity during the
deformation of the crash can 3 can be compatibly attained.

Herein, the second bead 36 may be configured to extend
in the vehicle width direction Y continuously from the first
bead 35 along the upper face portion 31 and the lower face
portion 33 of the crash can 3. In this case, the above-
described operational effects can be provided as well.

In the front vehicle-body structure 1 of the vehicle of the
present embodiment, the first bead 35 1s made of a bead
which 1s configured such that the corner portion 34 of the
crash can 3 1s partially recessed (1.e., 1s configured to be
fragile). The second bead 36 1s made of a bead which 1s
configured such that at least one of the upper face portion 31,
the lower face portion 33, and the pair of side face portions
32 of the crash can 3 1s partially recessed.

As shown 1n FIG. 10, the depth d1 of the first bead 35 1s
greater than the depth d2 of the second bead 36, and the
width W1, in the vehicle longitudinal direction X, of the first
bead 35 1s greater than the width W2 of the second bead 36.

According to this structure, the above-described compat-
ibility of the suppression of the transmission quantity of the
initial collision load to the front frame 2 in the vehicle
collision and the securement of the energy-absorption quan-

tity during the deformation of the crash can 3 1s enabled by
the first bead 35 and the second bead 36 which have the

different depth d1, d2 and width W1, W2 from each other.
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That 1s, since the first bead 35 provided at the comer
portion 34 of the crash can 3 1s deformed and absorbs the
collision energy first by the mitial collision load in the
small-overlap collision, the transmission quantity of the
collision load from the crash can 3 to the front frame 2 can
be suppressed. Meanwhile, since the second bead 36 (the
depth d2, the width W2) provided at at least one of the upper
face portion 31, the lower face portion 33, and the pair of
side face portions 32 of the crash can 3 (at the side face
portions 32 in the present embodiment) has the smaller
depth and width than the first bead 35 (the depth dl, the
width W1), the second bead 36 1s configured not to be more
casily deformable than the first bead 335. Accordingly, the
collision energy can be properly absorbed by the deforma-
tion of the second bead 36, maintaining the high transmis-
sion quantity of the collision load. Consequently, the sup-
pression of the transmission quantity of the initial collision
load to the front frame 2 i1n the vehicle collision and the
securement of the energy-absorption quantity during the
deformation of the crash can 3 can be compatibly attained
securely.

In the front vehicle-body structure 1 of the vehicle of the
present embodiment, as shown in FI1G. 12, the corner portion
34 positioned on the upper-face side of the crash can 3
(specifically, the pair of central upper-side corner parts 34a)
and the corner portion 34 positioned on the lower-face side
of the crash can 3 (specifically, the pair of central lower-side
corner parts 34c) respectively extend up to the foremost
position, 1 the vehicle longitudinal direction X, of the back
face of the bumper beam 5 which faces rearwardly.

According to this structure, the collision load inputted to
the crash can 3 from the bumper beam 35 in the vehicle
collision can be transmitted directly to the corner portions
34, which are respectively positioned on the upper-face side
and the lower-face side of the crash can 3 at the foremost
position, in the vehicle longitudinal direction X, of the back
face of the bumper beam 35 which faces rearwardly. Conse-
quently, the suppression of the transmission quantity of the
initial collision load to the front frame 2 in the vehicle
collision and the securement of the energy-absorption quan-
tity during the deformation of the crash can 3 can be
compatibly attained securely.

In the front vehicle-body structure 1 of the vehicle of the
present embodiment, the crash can 3 1s configured to have
the cross-shaped cross section 1n the vehicle elevational
VIEW.

The side face portion 32 comprises the central side face
part 32a, the upper side face part 326 which 1s positioned on
the upper-and-inward side, 1n the vehicle width direction Y,
of the central side face part 32a, and the lower side face part
32¢ which 1s positioned on the lower-and-inward side, 1n the
vehicle width direction, of the central side face part 32a. The
upper face portion 31 comprises the central upper side part
31a and the pair of side upper face parts 315 which are
positioned on the lower-and-both sides, in the vehicle width
direction Y, of the central upper side part 31a. The lower
face portlon 33 comprises the central lower side part 33a and
the pair of side lower face parts 335 which are positioned on
the upper-and-both sides, 1n the vehicle width direction Y, of
the central lower side part 33a.

The corner portion 34 comprised the central upper-side
corner part 34a which 1s positioned between the upper side
face part 326 and the central upper face part 31q, the side
upper-side corner part 345 which 1s positioned between the
central side face part 32a and the side upper face part 315,
the central lower-side cormer part 34c¢ which 1s positioned
between the lower side face part 32 and the central lower
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tace part 33a, and the side lower-side corner part 344 which
1s positioned between the central side face part 32a and the
side lower face part 335.

The first bead 35 1s provided at each of the central
upper-side corner part 34a, the side upper-side corner part
34b, the central lower-side comer part 34¢, and the side
lower-side corner part 344.

The second bead 36 1s provided at each of the central side
tace part 32a, the side upper side face 32b, and the side
lower side face part 32c.

According to this structure, since the first beads 35 are
provided at all of the corer portions 34 of the crash can 3,
1.e., at the central upper-side comer part 34a, the side
upper-side corner part 345, the central lower-side corner part
34¢, and the side lower-side corner part 34d, even 1n a
manner that the crash can 3 1s configured to have the
cross-shaped cross section in the vehicle elevational view,
the first beads 35 provided at the corner portions 34 of the
crash can 3 are deformed and absorb the collision energy
first by the 1nitial collision load transmitted by way of these
corner portions 34 in the vehicle collision, so that the
transmission quantity of the collision load from the crash
can 3 to the front frame 2 can be suppressed. Meanwhile, the
second beads 36 which are configured not to be more easily
deformable than the first beads 35 are provided at the plural
parts which constitute the side-face portions 32 of the crash
can 3, 1.e., at the central side face part 32a, the side upper
side face 32h, and the side lower side face part 32¢, the
collision energy can be properly absorbed by the whole-part
deformation of the first beads 35 and the second beads 36,
maintaining the high transmission quantity of the collision
load. Consequently, even 1f the crash can 3 having the
cross-shaped cross section 1s used, the suppression of the
transmission quantity of the initial collision load to the front
frame 2 1n the vehicle collision and the securement of the
energy-absorption quantity during the deformation of the
crash can 3 can be compatibly attained securely.

In the front vehicle-body structure 1 of the vehicle of the
present embodiment, as shown 1 FIGS. 12 and 16, the
bumper beam 5 comprises the pair of flange portions 5/, S¢g
which protrude upwardly and downwardly and extend 1n the
vehicle width direction Y. The corner portions 34 where the
first beads 35 are provided (specifically, the pair of central
upper-side corner portions 34a positioned on the upper-face
side of the crash can 3 and the pair of central lower-side
corner portions 34¢ positioned on the lower-face side of the
crash can 3) are located at the positions which respectively
overlap with the pair of flange portions 5/, 5g 1n the vehicle
clevational view (when viewed from the arrow FV direction
in FIG. 12).

According to this structure, the corner portion 34 pro-
vided with the first bead 35 can receive the collision load
which 1s inputted from the bumper beam 3 to the crash can
3 from the vehicle forward side directly from the pair of
flange portions 5/, Sg of the bumper beam 5. Therefore, the
init1al load can be securely transmitted to the corner portions
34 1n the vehicle collision, so that the collision energy can
be absorbed properly by making the first bead 35 provided
at the corner portions 34 be deformed ecarly.

[Modifications]

While the first fragile portion and the second fragile
portion are made of the beads which are respectively con-
figured such that the corner portion of the crash can and the
other portion than the corner portion are recessed in the
above-described embodiment, the present disclosure 1s not
limited to this. The first fragile portion and the second fragile
portion of the present disclosure may be respectively made
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ol a thin portion which 1s configured such that the thick of
the cylindrical crash can 1s made partially thin. That 1s, the
first fragile portion may be configured such that the corner
portion 1s partially thin, and the second fragile portion may
be configured such that the other portion than the comer
portion 1s partially thin.

What 1s claimed 1s:

1. A front vehicle-body structure of a vehicle, comprising:

a pair ol front frames provided to be separated, 1n a
vehicle width direction, from each other and extending
in a vehicle longitudinal direction;

a pair ol crash cans fixed to respective front ends of the
pair of front frames and extending in the vehicle
longitudinal direction; and

a bumper beam fixed to respective front ends of the pair
of crash cans and extending in the vehicle width
direction,

wherein said bumper beam comprises crash-can fixation
portions which are respectively fixed to said pair of
crash cans and extension portions which respectively
extend outwardly, in the vehicle width direction, from
said crash-can fixation portions,

cach of said pair of crash cans comprises an upper face
portion which extends 1n the vehicle longitudinal direc-
tion and forms an upper face of the crash can 1 a
vehicle elevational view, a lower face portion which
extends 1n the vehicle longitudinal direction and forms
a lower face of the crash can 1n the vehicle elevational
view, a pair of side face portions which respectively
interconnect both end portions, 1n the vehicle width
direction, of the upper face portion and the lower face
portion, corner portions which are respectively posi-
tioned between the side face portion and the upper face
portion and between the side face portion and the lower
face portion, a first fragile portion which 1s provided at
cach of the corner portions, and a second fragile portion
which 1s provided at at least one of the upper face
portion, the lower face portion, and the pair of side face
portions,

said first fragile portion 1s configured to be deformed
betore said second fragile portion when a collision load
which 1s applied toward a vehicle rearward side 1is
inputted to said extension portion of the bumper beam,
and

said second fragile portion 1s configured to be deformed
betfore said front frame when the collision load applied
toward the vehicle rearward side 1s inputted to the
extension portion of the bumper beam.

2. The front vehicle-body structure of the vehicle of claim

1, wherein said second fragile portion extends continuously
from said first fragile portion in the vehicle width direction
or 1n a vertical direction along at least one of said upper face
portion, said lower face portion, and said side face portions.

3. The front vehicle-body structure of the vehicle of claim

2, wherein said first fragile portion 1s made of a first bead
which 1s configured such that said corner portion of the crash
can 1s partially recessed, said second fragile portion 1s made
ol a second bead which 1s configured such that said at least
one of the upper face portion, the lower face portion, and the
pair of side face portions of the crash can i1s partially
recessed, a depth of said first bead 1s greater than that of said
second bead, and a width, 1n the vehicle longitudinal direc-
tion, of said first bead 1s greater than that of said second
bead.

4. The front vehicle-body structure of the vehicle of claim

3, wherein said corner portion positioned on an upper-face
side of the crash can and said corner portion positioned on




US 11,548,558 B2

17

a lower-face side of the crash can are respectively configured
to extend up to a foremost position, 1n the vehicle longitu-
dinal direction, of a back face of said bumper beam which
faces rearwardly.

5. The front vehicle-body structure of the vehicle of claim
4, wherein said crash can 1s configured to have a cross-
shaped cross section 1n the vehicle elevational view, each of
said side face portions comprises a central side face part, an
upper side face part which 1s positioned on an upper-and-
inward side, in the vehicle width direction, of the central side
tace part, and a lower side face part which 1s positioned on
a lower-and-inward side, in the vehicle width direction, of
the central side face part, said upper face portion comprises
a central upper side part and a pair of side upper face parts
which are positioned on lower-and-both sides, 1n the vehicle
width direction, of the central upper side part, said lower
face portion comprises a central lower side part and a pair of
side lower face parts which are positioned on upper-and-
both sides, in the vehicle width direction, of the central
lower side part, said corner portion comprises a central
upper-side corner part which 1s positioned between said
upper side face part and said central upper face part, a side
upper-side corner part which 1s positioned between said
central side face part and said side upper face part, a central
lower-side corner part which i1s positioned between said
lower side face part and said central lower face part, and a
side lower-side corner part which 1s positioned between said
central side face part and said side lower face part, said first
fragile portion 1s provided at each of said central upper-side
corner part, said side upper-side corner part, said central
lower-side corner part, and said side lower-side corner part,
and said second fragile portion i1s provided at each of said
central side face part, said side upper side face, and said side
lower side face part.

6. The front vehicle-body structure of the vehicle of claim
5, wheremn said bumper beam comprises a pair of flange
portions which protrude upwardly and downwardly and
extend 1n the vehicle width direction, and said corner
portions where said first fragile portions are provided are
located at positions which respectively overlap with said
pair of flange portions 1n the vehicle elevational view.

7. The front vehicle-body structure of the vehicle of claim
1, wherein said first fragile portion 1s made of a first bead
which 1s configured such that said corner portion of the crash
can 1s partially recessed, said second fragile portion 1s made
of a second bead which 1s configured such that said at least
one of the upper face portion, the lower face portion, and the
pair of side face portions of the crash can i1s partially
recessed, a depth of said first bead 1s greater than that of said
second bead, and a width, 1n the vehicle longitudinal direc-
tion, of said first bead 1s greater than that of said second
bead.

8. The front vehicle-body structure of the vehicle of claim
1, wherein said corner portion positioned on an upper-face
side of the crash can and said comer portion positioned on
a lower-face side of the crash can are respectively configured
to extend up to a foremost position, 1n the vehicle longitu-
dinal direction, of a back face of said bumper beam which
faces rearwardly.

9. The front vehicle-body structure of the vehicle of claim
1, wherein said crash can i1s configured to have a cross-
shaped cross section 1n the vehicle elevational view, each of
said side face portions comprises a central side face part, an
upper side face part which 1s positioned on an upper-and-
inward side, in the vehicle width direction, of the central side
tace part, and a lower side face part which 1s positioned on
a lower-and-inward side, in the vehicle width direction, of
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the central side face part, said upper face portion comprises
a central upper side part and a pair of side upper face parts
which are positioned on lower-and-both sides, in the vehicle
width direction, of the central upper side part, said lower
face portion comprises a central lower side part and a pair of
side lower face parts which are positioned on upper-and-
both sides, in the vehicle width direction, of the central
lower side part, said corner portion comprises a central
upper-side corner part which 1s positioned between said
upper side face part and said central upper face part, a side
upper-side corner part which 1s positioned between said
central side face part and said side upper face part, a central
lower-side corner part which 1s positioned between said
lower side face part and said central lower face part, and a
side lower-side corner part which 1s positioned between said
central side face part and said side lower face part, said first
fragile portion 1s provided at each of said central upper-side
corner part, said side upper-side corner part, said central
lower-side corner part, and said side lower-side corner part,
and said second fragile portion 1s provided at each of said
central side face part, said side upper side face, and said side
lower side face part.

10. The front vehicle-body structure of the vehicle of
claam 1, wherein said bumper beam comprises a pair of
flange portions which protrude upwardly and downwardly
and extend 1n the vehicle width direction, and said corner
portions where said first fragile portions are provided are
located at positions which respectively overlap with said
pair of flange portions in the vehicle elevational view.

11. The front vehicle-body structure of the vehicle of
claiam 2, wherein said corner portion positioned on an
upper-face side of the crash can and said cormer portion
positioned on a lower-face side of the crash can are respec-
tively configured to extend up to a foremost position, in the
vehicle longitudinal direction, of a back face of said bumper
beam which faces rearwardly.

12. The front vehicle-body structure of the vehicle of
claiam 35, wherein said crash can 1s configured to have a
cross-shaped cross section in the vehicle elevational view,
cach of said side face portions comprises a central side face
part, an upper side face part which 1s positioned on an
upper-and-inward side, 1n the vehicle width direction, of the
central side face part, and a lower side face part which 1s
positioned on a lower-and-inward side, in the vehicle width
direction, of the central side face part, said upper face
portion comprises a central upper side part and a pair of side
upper face parts which are positioned on lower-and-both
sides, 1n the vehicle width direction, of the central upper side
part, said lower face portion comprises a central lower side
part and a pair of side lower face parts which are positioned
on upper-and-both sides, 1n the vehicle width direction, of
the central lower side part, said corner portion comprises a
central upper-side corner part which 1s positioned between
said upper side face part and said central upper face part, a
side upper-side corner part which 1s positioned between said
central side face part and said side upper face part, a central
lower-side corner part which i1s positioned between said
lower side face part and said central lower face part, and a
side lower-side corner part which 1s positioned between said
central side face part and said side lower face part, said first
fragile portion 1s provided at each of said central upper-side
corner part, said side upper-side corner part, said central
lower-side corner part, and said side lower-side corner part,
and said second fragile portion i1s provided at each of said
central side face part, said side upper side face, and said side
lower side face part.
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13. The front vehicle-body structure of the vehicle of
claiam 2, wherein said bumper beam comprises a pair of
flange portions which protrude upwardly and downwardly
and extend 1n the vehicle width direction, and said corner
portions where said first fragile portions are provided are
located at positions which respectively overlap with said
pair of tlange portions in the vehicle elevational view.

14. The front vehicle-body structure of the vehicle of
claam 3, whereimn said crash can 1s configured to have a
cross-shaped cross section in the vehicle elevational view,
cach of said side face portions comprises a central side face
part, an upper side face part which 1s positioned on an
upper-and-inward side, in the vehicle width direction, of the
central side face part, and a lower side face part which 1s

positioned on a lower-and-inward side, 1n the vehicle width
direction, of the central side face part, said upper face
portion comprises a central upper side part and a pair of side
upper face parts which are positioned on lower-and-both
sides, 1n the vehicle width direction, of the central upper side
part, said lower face portion comprises a central lower side
part and a pair of side lower face parts which are positioned
on upper-and-both sides, 1n the vehicle width direction, of
the central lower side part, said corner portion comprises a
central upper-side corner part which 1s positioned between
said upper side face part and said central upper face part, a
side upper-side corner part which 1s positioned between said
central side face part and said side upper face part, a central
lower-side corner part which i1s positioned between said
lower side face part and said central lower face part, and a
side lower-side corner part which 1s positioned between said
central side face part and said side lower face part, said first
fragile portion 1s provided at each of said central upper-side
corner part, said side upper-side corner part, said central
lower-side comer part, and said side lower-side corner part,
and said second fragile portion i1s provided at each of said
central side face part, said side upper side face, and said side
lower side face part.

15. The front vehicle-body structure of the vehicle of
claim 3, wherein said bumper beam comprises a pair of
flange portions which protrude upwardly and downwardly
and extend 1n the vehicle width direction, and said corner
portions where said first fragile portions are provided are
located at positions which respectively overlap with said
pair of flange portions in the vehicle elevational view.

16. The front vehicle-body structure of the vehicle of
claam 7, wherein said corner portion positioned on an
upper-face side of the crash can and said corner portion
positioned on a lower-face side of the crash can are respec-
tively configured to extend up to a foremost position, 1n the
vehicle longitudinal direction, of a back face of said bumper
beam which faces rearwardly.
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17. The front vehicle-body structure of the vehicle of
claam 7, wherein said crash can 1s configured to have a
cross-shaped cross section in the vehicle elevational view,
cach of said side face portions comprises a central side face
part, an upper side face part which 1s positioned on an
upper-and-inward side, 1n the vehicle width direction, of the
central side face part, and a lower side face part which 1s
positioned on a lower-and-inward side, 1n the vehicle width
direction, of the central side face part, said upper face
portion comprises a central upper side part and a pair of side
upper face parts which are positioned on lower-and-both
sides, 1n the vehicle width direction, of the central upper side
part, said lower face portion comprises a central lower side
part and a pair of side lower face parts which are positioned
on upper-and-both sides, in the vehicle width direction, of
the central lower side part, said corner portion comprises a
central upper-side corner part which 1s positioned between
said upper side face part and said central upper face part, a
side upper-side corner part which 1s positioned between said
central side face part and said side upper face part, a central
lower-side corner part which i1s positioned between said
lower side face part and said central lower face part, and a
side lower-side corner part which 1s positioned between said
central side face part and said side lower face part, said first
fragile portion 1s provided at each of said central upper-side
corner part, said side upper-side corner part, said central
lower-side corner part, and said side lower-side corner part,
and said second fragile portion 1s provided at each of said
central side face part, said side upper side face, and said side
lower side face part.

18. The front vehicle-body structure of the vehicle of
claam 7, wherein said bumper beam comprises a pair of
flange portions which protrude upwardly and downwardly
and extend 1n the vehicle width direction, and said corner
portions where said first fragile portions are provided are
located at positions which respectively overlap with said
pair of tlange portions in the vehicle elevational view.

19. The front vehicle-body structure of the vehicle of
claiam 8, wherein said bumper beam comprises a pair of
flange portions which protrude upwardly and downwardly
and extend 1n the vehicle width direction, and said corner
portions where said first fragile portions are provided are
located at positions which respectively overlap with said
pair of flange portions 1n the vehicle elevational view.

20. The front vehicle-body structure of the vehicle of
claim 9, wherein said bumper beam comprises a pair of
flange portions which protrude upwardly and downwardly
and extend 1n the vehicle width direction, and said corner
portions where said first fragile portions are provided are
located at positions which respectively overlap with said
pair of tlange portions in the vehicle elevational view.
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